Abstract Closing gaps between visionary ideas and classroom practice was the key achievement of the design research and work of the iTEC project. The design activities were based on the traditions of Scandinavian participatory design, activity theory, service design, artistry, and a specifi c view on learning design. Within iTEC, the design research and work brought forward the concept of Learning Activities as a useful mode of communicating new ideas to teachers that provided both challenges and support for overcoming those challenges. Evaluation results showed that Learning Activities were extremely successful. This success led to the need to ensure the continuation of Learning Activity design and production beyond the project. The design approach for creating the Learning Activities was captured for educators in the Edukata toolkit. Radical simplifi cation yielded a model that seems to be valuable for teachers even with small amounts of training. However, the full impact of this model and its applicability in the diverse school learning settings across Europe remains to be validated. In this article we present the design research process and one of its main results: the Edukata toolkit for teachers to design their own Learning Activities to bridge the gap between tie visionary ideas and classroom practice.
In the iTEC project Lewin and McNicol ( 2014 ) have found empirical evidence that well designed Learning Activities following a certain template are valuable tools for teachers to challenge their own established practices and to try out new methods and tools. The results demonstrate that the experiments by teachers offer signifi cant improvements in the students' working culture, engagement, motivation, and ultimately, learning outcomes. Evaluations from over 2500 classroom pilots have indicated that the Learning Activities designed in the iTEC project are effective at enthusing teachers and students, affecting change in classroom practices, and prompting other teachers to adopt similar practices. They also encouraged teachers and students to start using novel ICT tools and services, and to use the tools in the way the educational designer intended for them to be used so that they benefi t the learning process. Furthermore, when teachers are supported to design their own Learning Activities with proper facilitation and guidance, results are even better (Lewin and McNicol 2014 ) .
Our design research question was:
What kind of support , training , materials , and experience is needed for teachers to create their own Learning Activities that integrate visionary ideas into classroom teaching and learning ?
Our hypothesis is Edukata, a set of guidelines targeted towards teachers, which are intended to enable them to better design and reformulate their teaching practices in collaboration with students and other expert educators. Edukata is based on the group's design-research approach called "Research-based design with prototypes", described in Leinonen et al. ( 2008 ) .
This design-research approach has been used and developed by the research group since 1997 and is continually being developed (see Fig. 3 .1 ). The group is multi-disciplinary, consisting of designers, educators, engineers, psychologists and cognitive scientists. The method has been used to design and implement software prototypes for refl ection, knowledge building, and Open Educational Resource (OER) authoring, as well as physical environments, future scenarios, Fig. 3 .1 An overview of the research-based design methodology and the design methods, as adapted for the iTEC project and called "Research-based design with prototypes". All four modes of work proceed in parallel, with the focus of work shifting between them as time passes. Concrete design and research activities from cycle 1 are overlaid and educational practices (see e.g., Leinonen et al. 2003 ; Ford and Leinonen 2009 ; Keune and Leinonen 2013 ; Durall and Toikkanen 2013 ) . The approach is constructed of, and builds on, four design approaches: tool design, educational design, participatory design and learning design.
Our philosophy on tool design draws on Engeström's ( 1987 Engeström's ( , 1999 emphasis that a tool may provide subjects with new abilities to act with objects around them, as well as being part of the larger socio-cultural context that is conditioned with various constraints. Similarly to the idea of a tertiary artefact, which can impact the way in which a person may see, interact with, and shape the world (e.g., Cole 1996 ) , in the best case, this means that the tools created by a designer affect the sociocultural system within which the tool is situated, and are affected and modifi ed by the same (Leinonen 2010 ) .
Our philosophy on design in and for education draws from Rittel's ( 1972 ) view that each challenge can have multiple solutions, and that attempts to solve challenges often construct new, potentially even more complex challenges. To differentiate from problem-based approaches, we value the idea of the designer as someone who creates desired additions to the present state, as opposed to merely reactively solving problems as they emerge. We acknowledge Schön's ( 1987 ) view on artistry , meaning the way designers combine their domain understanding and design expertise with intuition, often leading to surprising results, which might not be logically tracked back to the starting point. We also agree with Nelson and Stolterman ( 2003 ) in that the designer's actions are intentional contributions to the situation and the designer is an active participant in the change process. Nelson and Stolterman ( 2003 ) schematize the designer's intentions in relation to (1) helping (fi xing, assisting, patronizing), (2) art (persuading, infl uencing, manipulating, proselytizing), (3) science (describing, explaining, predicting, controlling) , and (4) service (serving, conspiring, emphatizing). Of these four designer intentions, our group's methodological approach focuses strongly on service intentions (Leinonen 2010 ) .
Our way of utilizing participatory design is based on the Scandinavian approach to systems design, which considers it important for those stakeholders who might be affected by the new tools to genuinely participate in the design. Following Ehn and Kyng ( 1987 ) , we see the people for, and with whom, design is practiced and created as primary drivers for realistic and working innovation. For this to work, the designer needs to spend time with the people in question and learn about their everyday life situations, in place of doing laboratory experiments (Leinonen 2010 ) . We fully acknowledge that design challenges and their solutions are highly context-specifi c (Muller and Kuhn 1993 ) .
In terms of learning ( and teaching ) design , we see that it is challenging to present and build on the complexity and messiness of teaching and learning (see e.g., Conole 2010 ) . The attempt to downplay this messiness often leads to schematic representations of teaching, rather than empowering teachers to design their work practices. Our research method, and indeed Edukata, steer away from connections to such patterns, leaving many details open for teachers to complete as they see best. We acknowledge that this makes exact comparison and benchmarking rather diffi cult with the huge variety of approaches and results, but feel this space for innovation is critical.
Designing Learning Activities for Piloting
Edukata has been developed as part of the Innovative Technologies for an Engaging Classroom project (iTEC), a 4-year pan-European project. The workfl ow of iTEC was planned to be a straightforward 5-phase iterative process, in which each phase was intended to include four parts: (1) create Learning Scenarios, (2) design software and learning design prototypes based on the scenarios, (3) pre-pilot and pilot the prototypes in classrooms across Europe, and (4) evaluate the pilots. As the plans were implemented they needed to be adapted and changed.
The fi ve piloting cycles gave project partners opportunities to learn from past cycles and to better serve the overall aim of the project. The fi rst cycle was smaller than the later ones, both in scale of piloting activities and scope of challenges. Specifi cally, organizational challenges (such as combining two classes into a single course) were excluded from the fi rst cycle, so teachers would not have to face challenges that they alone cannot overcome. The following cycles were each larger in scale. Signifi cantly more schools, teachers and classrooms were involved, and the level of technical and pedagogical challenges increased, this time including any and all challenges that were raised in the design work.
The Design Process
During each of the fi ve piloting cycles, the following design activities took place. A more detailed description can be found in the project's deliverable D3.1 (Keune et al. 2011 ).
• Each cycle's design work began with scenario analysis using the wall method (see Fig. 3 .2 ). All scenarios were printed and placed on a wall. The team spent several sessions going through the scenarios, highlighting interesting passages, noting similarities, and comparing the scenarios to the state-of-the-art.
• Distributed participatory design workshops took place in most piloting countries.
The scenarios were divided among the pilot countries so each had 2-3 scenarios to analyse. The national coordinators translated the scenarios and presented them to a group of teachers, following the guidelines developed by our team. The facilitators were encouraged to adapt the guidelines to their particular facilitation context, for example in relation to the location for facilitating the workshops (e.g., in schools or in ministry facilities). The ensuing conversations were recorded, and the coordinators wrote English summaries of the conversations, which they sent back to us. These summaries allowed us to understand differences in teaching practice and culture in various countries, and to see which aspects of the scenarios were appealing and which challenges teachers foresaw.
• The English summaries were added to the wall. We received 2-4 summaries for each scenario. Another round of analysis ensued, where we had to make hard design decisions on what seemed to be important; which challenges we should try to address or circumvent; and what kinds of support teachers would eventually receive from the project were they to try to implement essential segments of these scenarios.
• Prototyping work followed, where both technical prototypes (i.e., software tools with partially functional interfaces) and teacher guidelines for using the software prototypes in relation to the scenarios were designed and developed.
• Focus groups and interviews with teachers and headmasters were held periodically to gauge both the level of innovation and amount of support being built to the prototypes. Focus groups were formed openly from the network of teachers involved in the project. Invitations were sent via national coordinators, social media channels, partner community sites, and so on. Some focus groups were organized partly online and offl ine to allow more people to join and share experiences.
• Pre-pilots were organized in most piloting countries, in which one or two teachers from each country participated. These were teachers who were confi dent users of Information Communication Technology (ICT) and had advanced pedagogical skills, so they could work with rough prototypes (i.e., software that is not fully developed and may have parts that do not function fl uently at all times), and report back to us any problems they experienced.
Fig. 3.2 A central but low-tech mode of work is the wall method
, where all pertinent information is placed on walls, so they are constantly visible. During design sessions, even a large group can see everything, it is easy to point to individual items, and notes can be added using sticky notes, pens, and highlighters
• For us, each project cycle, which marked an iteration, ended with product design, where we took all the feedback we had; decided (as a project consortium), which pre-piloted prototypes should be scaled up to full scale pilots; and polished those prototypes suffi ciently to allow average teachers to make use of them.
This general process was followed in all piloting cycles. The details and guidelines evolved as we gained more experience with working with the national coordinators, who were responsible for managing the project in each piloting country, and with the teachers who participated in pre-pilots and pilots. The guidelines and practices were also shaped by the feedback of the teachers and national coordinators. In later cycles we started doing participatory design workshops with pupils, organized online focus groups, and varied the process to maximise its usefulness.
An Example of a Surprising Design Outcome: TeamUp
The design process outlined earlier takes a great deal of resources and time. To illustrate the concrete benefi ts of such an involved process, we will describe just one design outcome from the very fi rst piloting cycle.
Twenty mini-scenarios were developed by iTEC partners across Europe during a scenario development workshop, organised by the iTEC partner organisation Futurelab (see Chap. 2 ). Of the 20 mini-scenarios, the nine most convincing and desirable ones were identifi ed using a prioritisation protocol devised by iTEC partners. These were then fl eshed out by Futurelab into detailed scenarios. These detailed scenarios presented the basis of the fi rst cycle design process.
Six of the nine scenarios described the pupils working in small teams. Teamwork was taken for granted, and just mentioned in passing, as can be seen in the example scenario in Fig. 3 .3 . None of the expert pedagogues nor our design team, who participated in the scenario development workshops considered that this might be a challenge.
When analysing the participatory design workshop summaries from various countries, it became obvious that in most European countries, having pupils work in small teams was not a common practice, and was seen as a real challenge. Teachers from several countries pointed out that they normally do not facilitate teamwork exercises; that following all of the teams and guiding them is a lot of extra work for which the teachers do not have time; and that teams are often dysfunctional, with free-riders or friendship cliques making productive teamwork diffi cult.
This surprising fi nding lead us to reconsider the content for the fi rst piloting cycle. Pedagogical experts agreed that teamwork is a useful form of learning without recognizing the challenges it may pose in practice, whereas teachers, by and large, saw teamwork as a foreign, time-consuming and problematic mode of working. No teacher denied the benefi ts of teamwork, but the practical challenges they saw were a clear showstopper.
We had to convene our entire research group to ponder this situation. Finally, we decided that making teamwork a key feature of cycle one's piloting, and providing explicit support for forming teams and for following the teams' study progress would be of most value to the piloting work and for the project.
We drew inspiration from the collaborative progressive inquiry framework (Hakkarainen 2003 ) and included its ideas on maximizing student motivation by forming interest-based teams to work on specifi c topics. We also tried to tackle teachers' objections over the time they need to spend following each team's progress with their study projects. The concept became a technological prototype, and fi nally a fully functional product called TeamUp (see Fig. 3.4 ) . TeamUp is a web-based application that uses a complex algorithm to form heterogeneous, interest-based teams. Additionally, the application includes a feature for teams to record and share audio-visual updates of their work, the challenges they encountered, how these may have been overcome, and what they are planning on doing next (which follows agile stand-up meeting practices). The recordings can be no longer than 60 s. This time limit was intentional. We intended to support students to focus their summaries of their work, and aimed to ensure that a teacher with a class of, say, seven teams needs to spend no more than 7 min between lessons to get an update on the teams' progress. TeamUp also became the fi rst tool to support student refl ection, which became a major trend in the following iTEC pilot cycles. TeamUp is further described in both Keune et al. ( 2011 ) and Leinonen et al. ( 2014 ) .
Although the design of TeamUp was intended to address challenges related to forming and following learning teams' progress, during the piloting we noticed that forming teams was not a universal challenge for all teachers. Especially experienced teachers mentioned that they are able to form functional teams without the support provided by TeamUp. However, the possibility to follow the teams' progress and the possibility to surface students' voices for refl ection was highlighted as empowering by teachers and students. Therefore, in further developing TeamUp, the feature for forming teams was backgrounded and the feature for sharing team recordings was foregrounded in the interface. These changes made to the tool are examples of the research-based design approach's fl exibility and on how the prototypes and tools created in the research work are partly communicating the research results.
Creating the Concept of Learning Activities
We faced our fi rst challenge with the research in the spring of 2011, during the fi rst cycle. While the scenarios were inspiring and challenging, and had started the creation of several technical prototype ideas (such as TeamUp, ReFlex, Ambire, Plates; see more details in Leinonen et al. ( 2014 ) , we faced a problem not foreseen during the project-planning phase. What exactly would the piloting teachers be provided with so that they would be challenged as well as supported during their pilots?
With the diverse challenges mentioned by teachers in relation to the scenarios including questions on how to implement them (see D3.1: Keune et al. 2011 ) , the scenarios on their own did not seem suffi ciently supporting. The scenarios highlighted visionary ideas in a general narrative structure without mentioning many practical details or challenges that would support teachers in their attempts to implement the visionary ideas. The scenario in Fig. 3.3 is an example of a good quality scenario, conveying the idea of learning and teaching science content outside through narrative devices. However, the scenario skims over the details and practical advice, generalizing the context specifi c nature of teaching and learning across diverse European settings. Participatory design work with teachers highlighted many issues and challenges teachers saw with implementing the scenarios, some of which were even surprises to the experts who had created the scenarios (see previous section for an example).
The fi rst idea was to rewrite the scenarios into Learning Stories, which would be more concrete, contain tips, notices, good practices, scheduling information, options for various tools and technologies, and so on. Drafting the fi rst cycle's Learning Stories revealed that they would be too unwieldy. As each scenario contained many challenging elements, rewriting all of them in more detail would create very long stories, with lots of details obfuscating the visionary ideas. Moreover, as the scenarios shared elements (for example, most scenarios had students working in small teams), each story would end up containing many of the same details.
A workable solution emerged when the details were separated into modules. Each story was constructed with a story arc to present a narrative approach to the ideas, and to exemplify an implementation of particular ideas. All the details for various challenging elements were packed into separate modules, which the stories shared (examples: Refl ection, Design brief, Ad-hoc collaboration, Working with outside experts). The term Learning Activity was deemed a good title for the modules, as existing uses of that term did not tie it to divergent preconceived notions, and teachers' intuitive understanding of the term was close enough to its use in this context.
When writing the fi rst cycle's Learning Activities, the design team was very conscious of the tone and method of addressing teachers. While we as designers might have a broad view of the changing educational sector and may have good ideas for teachers to try out, we were aware that it is the teachers who are the experts of their profession and practice, their students, and know what may or may not work. Instead of telling teachers what to do in the pilots and pre-pilots, we decided to rely on their expertise as designers of their own teaching and learning, and merely provide them with new ideas, support, reassurance, and advice, packaged into the Learning Activities. In working with the Learning Activities, e.g., how to interpret them in practice, we gave them the freedom to choose which ones to try and how without strict limitations. This approach made detailed analysis of pilot activities challenging, but was essential in unleashing the creative potential of the teachers, empowering them to decide what to do, and in turn pass that empowerment on to their students.
Another aspect of Learning Activities had to do with their wide audience. We intended the Learning Activities to be used in classroom pilots in 12-16 European countries by teachers with very different didactic methods, technology experiences, and pedagogical approaches. Each Learning Activity had to be written in a way that it would be challenging for experts without fending off beginners by being too challenging. Any single activity, for example students keeping a learning diary in blogs, may be routine for some teachers, and completely new to others. The Learning Activity presenting this concept needed to provide an entry-point for the novices, as well as additional depth and challenges for those already experienced with similar activities. The example in Fig. 3 .5 contains many aspects of a Learning Activity that a teacher may choose to include in their own teaching. A teacher not familiar with teamwork might simply split the students into teams and follow their progress, while a more experienced teacher would use the more advanced suggestions in creating motivation-optimized heterogeneous teams.
The Learning Activity in Fig. 3 .5 includes a short introductory paragraph, presenting the general frame of the activity, a section for preparing the activity before class, and one for introducing the activity to the class, the main activity description, and, fi nally, ideas for assessment. Figure 3 .6 presents additional aspects that were included in the descriptions of Learning Activities, such as potential learning Fig. 3.6 Learning Activity template for cycle 1. Items in italics changed as work progressed through the cycles outcomes, motivations for teachers and students to perform the activity, and reasons for using technology.
The template for a Learning Activity changed as the cycles of piloting progressed. While the main elements remained throughout the process, the wording and explanations for them did change to avoid misunderstandings. Figures 3.6 and 3.7 show the template for cycle 1 and for cycle 5 respectively. Many details related to technologies and tools were removed as they were found to be not that important. For example, instead of providing reasons for using technology, we included a section with ideas for using technology. The motivational tips were retained as they were seen as very helpful, and the actual guidelines were structured differently from the fi rst cycle.
Evaluation Results
Evaluation results from the pilot cycles show signifi cant changes and gains in the piloting classrooms. The results are based on teacher surveys, interviews, and diaries, as well as student surveys. A quantitative analysis and comparison of pilot activities is not possible, since no two teachers did exactly the same thing. This was a design decision made early on in the project.
Focus groups and pre-pilots during cycle 1 confi rmed that indeed the Learning Activities were a functional way to communicate to teachers what we hoped they would accomplish during their pilots. The granularity of a Learning Activity seemed to be suitable for teachers so they could look at each of the activities, understand them, incorporate some of them into their upcoming course plan, and use the tips and suggestions from the Learning Activities to create a course plan that challenged them to try new methods and tools.
The Learning Activities and their implementations by the teachers enabled their students to:
• engage in active and independent learning (84 %); The library of Learning Activities was considered a valuable asset, and when national policies were aligned, the approach was seen to be likely adopted and to infl uence future practices (Lewin and McNicol 2014 ) . Evaluation results of iTEC are more fully discussed in Chap. 9 of this book.
Packaging the Design-Based Research Method for Teachers
After three of the fi ve piloting cycles, it was evident that the design process that provided each pilot cycle with Learning Activities was valuable. This was underlined by the annual review, which wanted to see this design process continue after the project. Thus, the process for the fi nal piloting cycle was changed. Instead of repeating the same process, including the piloting of designer-created learning activities, project partners decided to create toolkits for teachers to create their own scenarios and Learning Activities. The toolkit for creating scenarios was named Eduvista, and the toolkit for designing Learning Activities was named Edukata. At the end of the project, both were combined into the Future Classroom Toolkit, although Edukata remains a separate, independent design model for teachers to use.
The challenge for the design team became how to package a complex professional design research methodology into a product that teachers could use independently with good results. Here are the main features that needed to change. Some of them were seen as challenges, while others were considered opportunities that made the process easier.
• Instead of professional designers, psychologists, cognitive scientists, graphical artists, and educators, the team includes mainly educators, and possibly students and educational policy makers.
• Instead of having a thorough understanding and practical experience of the design process, participants need to able to work with as little training as possible.
• Instead of working on design full time, the work needs to be done while working as educator (student, and educational policy maker).
• Instead of scheduling design work to span 2-3 months, the work needs to be completed in a shorter timeframe.
• Instead of working on 6-10 scenarios simultaneously, only one or two need to be suffi cient.
• Instead of addressing challenges of all European teachers, the scope needs to be local.
Much of the packaging of the design process was about simplifi cation. Our concern was that essential parts and nuances of the process may be lost in pruning, and initially we were not sure this process would even be possible without an experienced designer facilitating the work.
We organized a 3-day workshop in the winter of 2013 in Finland, inviting 40 teachers from around Europe to attend (see Fig. 3.8 ). With them, we piloted the fi rst prototype of the design toolkit. Based on observations and feedback, we continued our work, rewriting sections and simplifying them further. By the summer of 2013 a new version of the guidebook was available, and we named it Edukata.
During each cycle, national coordinators had organized workshops for their piloting teachers where the pilot materials were presented and worked through. The plan was that in cycle 5, at the end of 2013, national coordinators would train piloting teachers to facilitate the Edukata process, and each trained teacher would organize an Edukata design workshop with their colleagues. After these design workshops, teachers would use the Learning Activities they designed to plan their spring 2014 classroom pilots.
During this pilot, most national coordinators organized an Edukata design workshop with their teachers. In these design workshops, the coordinators acted as facilitators, instead of the teachers. Evaluation data showed that Learning Activities designed by the teachers themselves seemed to provide even better results than the ones in previous cycles. This was perhaps mostly due to the added freedom the teachers had, and the ability to address locally relevant challenges. The suitability of Edukata facilitator materials in allowing teachers to act as design facilitators, however, was not shown, as the national coordinators enacted that role. What was evident from the results, and from workshops our design team organized independently, was that the Edukata facilitator guidebook required an additional complete rewrite, to further clarify some aspects of the process, remove design jargon, and structure the process more clearly. We needed to strike a fi ne balance in describing the fl uid structure of the process, so that the end result suggests an open process without appearing to be without structure.
Additionally, as design researchers, we were concerned that calling Edukata a 'participatory design model' was not any more warranted, as the continual simplification of the model had reduced the role of participants to that of commenting on the work in progress. So in the fi nal iteration, with consultation from other participatory design professionals, we provided more depth to the participation aspect of the model. While we still allowed simple commenting, we encouraged teachers to involve others in more meaningful ways, as co-designers. We presented the various participation levels as a spectrum, where the facilitator may move, depending on the circumstances.
The fi nal rewrite was fi nished in May of 2014, and the fi nal, version 1.0 Edukata facilitator guidebook was published in June 2014 and translated to various European languages during the following months.
Conclusion: Edukata
All educational institutions are changing, as new technologies bring new ways of acquiring, assimilating, and adapting information. Rather than reacting at the last possible moment, all schools can proactively look into the potential futures and take steps to incorporate new possibilities and challenges into their everyday practice.
Participatory design, or co-design, is a method for crafting design ideas that may be more likely to be adopted by the people they are designed for, because of their involvement in the design process, shaping and forming the artefact and tool into use. The outstanding evaluation results of the iTEC project show that thorough participatory design situations, when teachers and students are active contributors and designers of their own working environment, may produce lasting, signifi cant improvements in the working cultures and practices of schools.
Our research question was:
What kind of support , training , materials , and experience is needed for teachers to create their own Learning Activities that produce benefi cial results in their classrooms and those of their peers ?
Edukata, the participatory design model, is our best hypothesis for answering this question (see Fig. 3.9 ). Edukata is a fl exible and attractive model for approaching change management by utilising participatory design practices. The model consists of an iterative sequence of design workshops, which are prepared and organized by a trained facilitator. The process produces Learning Activities and learning stories, and as intermediate results, design challenges and design solutions related to the local context of the participants. The Edukata model is described in a facilitator guidebook, which highlights aspects of each workshop phase (see Fig. 3 .9 ), including how to recruit participants and how to engage everyone in an iterative design process. To ensure the quality of the design processes and their results, a tiered accreditation system has been set up, where people attending a facilitator workshop (see Fig. 3 .10 ) and then facilitating a design workshop will be publicly recognized as Edukata facilitators. Several partners of the iTEC project have started their own national programmes related to teachers' continual professional development and teacher training that is including the Edukata model. Our hope is that by training more teachers to be profi cient design facilitators, through these professional development opportunities, our own training workshops as well as Future Classroom training through the European Schoolnet, the contextual and adaptive aspects of Edukata will sustain without turning into a rigorous planning phase that precedes course planning.
When national policies call for renewed school practices, Edukata is a practice that can be used to turn those new policies into concrete activity ideas for teachers. When policy is defi ning the principles and direction, Edukata can be a way for teachers to help make them real in a school and classroom level. As iTEC has drawn to a close, the design work can still be carried out by designers and teachers. Edukata is the design model that has been crafted specifi cally for educators, so they can work with their colleagues in facing new challenges and opportunities in a structured, creative, and productive manner. Edukata is part of the European Schoolnet's Future Classroom Toolkit and training programme, and also an independent participatory design model that can be used with existing scenarios. The website edukata.fi contains the guide book in several European languages, a library of existing scenarios and Learning Activities, as well as a listing of accredited Edukata facilitators and service providers.
All materials are published under an open CC BY-SA license at http://edukata.fi .
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